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(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a laser element 
having mainly a blue-green region light, and to 
accomplish a high output power of the laser element 
SOLUTION: In a nitride semiconductor element provided 



with an active layer 5 with a well layer consisting of a 
nitride semiconductor containing In between an n-layer 
and a p-layer, the crystallizability of a clad layer and the 
active layer 5 to be grown on a superlattice layer can be 
improved and an element of long wavelength can be 
obtained, by growing an active layer provided with a 
superlattice layer having a nitride semiconductor layer 
containing In in quantity smaller than In in the well layer. 
Also, it is desirable that the superlattice layer is provided 




on both nHayer and p-layer, and the impurity is 
modulation-doped in the superlattice layer. 
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[$mia#<os5ii] 

SUF««*r*trafl:»*i»*/Bferomuc» #ft< t <> I 
n *£tr»fc«J**fto» b ft * #FJI fr*?"* g£* «r 

ttW**trfc{Mfc i N*fWi«>iJ>ft< fct>-*KI4» #F 
Jf (O I nS<t 9 fciPftv* I n*»a{k«J*«*Ji4rfrf- 

[ft#«2] Si[tB#F£ttI n X G ai - X N (0<X^ 
1) *>btt9, lftlSlg&^Jitt I n Y G ai - Y N (0<Y 
< 1» Y<X)"i, Al a G ai - a N (0^a<l) t*»t> 

[fU#*K3] IMStt»^Jirt:» nH*«»S:-£tr£fl: 
[It#ig4] ' tran£?Mft*^afl3tt¥*iMM 

nS'F^^^i§*i^ s stS: : f•g | ^ I lc^3v^-csft•5 w t 

5 ] «liSttlW-*rlllJ«i-i^ft < 1 1 2 
l 73>S 5 <OF*gov>-f ixA> 1 m^M.<r>mt® 

mm**. 

* L < p ST#Hfc# 9 -^»a{k«sMH* J: 0 t>4> 

pS^*E^ s #< K-T'SHTV^Sr tSr#»fci"S» 
#9 6 fcEfJwafl:*****-*. 
[»W©BlHfcIfiW] 
[000 1] 

HE*J:*}*Mi£*] ♦awttn**'**— k (le 

D) , U— tH^^-K (LD) , 5 ^y-fc 

j'h^^-K (s ld) *»s«u ft 

nxAlyGai-x-yN. 0=§X, O^Y, X+YS1) IS* 



2 

KBW-6. 
10 0 0 2] 

Lfc (ICNS'97 ^g^, October 27-31, 1997, P444-446, 
S.O'Jpn. J. Appl. Phys. Vol. 36(1997) pp. L1568-157K Pa 
rt2,No. 12A, I December 1997) . S^ft&tSfiSi L"C 
tt, t7H Tgtg±|£/&g£HfcG aNJf<0±(;i, ffi 
»o #tt«&££;ft;fcS i G- 2 )BiSr*rU i 0 2 ^w± 

ttfc«*r«!lK/*ft 4*lfcG a N <fc 9 ft-Sgfc^SffcS 

■f-«jSt 5iXTV>5, Jpn. J. Appl. Phys. Vol. 36 

#$) r <r> u— f*-? f±BMim«E*« 4 k A/cm2«C*3 
V^C, 4 0 3. Tnmroi/y^-K-eMtS. ft 
;fcfif|ffifc:J3tt*S£Etf:4. 6Vf*5, 

r a a n 1 
I U U U O J 

DVDOJfeMfcL-Cttffl-^-SJCfi, x^^^<7>'-Ky 
20 K0tt®^P5 4 1 0 nmtfim* s PS#iV^tL-C^ 

5. *fc» ?*?«>JB*ti4Ii2;<. ISrfeKiE 

I o o o 4 ] 4fc 1 75mm*±.<r>'&ffi.%mm'%.z^ 

7t«It-r'5lC«±^dii77*cfiilCfcV^T, 5000B#P5W± 
[0 0 0 5] «o-C» *»»oiSiii;t4i:r4tt, ± 

ED, SLD^tOftiKDllTt^W^COiiiTJ^ SJt7 f /^ 
[0 0 0 6] 

[0007] *wft<r>mcm*&i***it+ mttfrFm 

liInxG ai _xN (0<X^1) Tl^ftO. huE^^ 
Jill I njGa l-yN (0<Y<1, Y<X) A 1 a G a 
1-aN (0^a<l) t^P>ft5r tSr#8lrt-r5. #F 
Jf(0#*UM nfflj*Xt L-CI40. l^X^O. 6,Sf 
SL<li0. l 5cog5S(clSSi-5, #F 

so l(0|5HSriroiolllc!fflS-r5it»c«t'9, Wxli4 3 
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Onm-seOnmttiElCfci^-C, iSSSb^tJUfe-fS* 
[0 0 0 8] *fc, fjfSgfe^tt, niH. Xttp/I 

■J|-ct>Av\ 

[0 0 0 9] Sfefcifc, IMBnJIflffMttlftTJIKfS, 

steeps funsv^gftsr t a. 

[0010] nl^ttfti: K-^*ita«^, 
SftlM&ttffcft'r*' K-^*L< lit 5-*wiftW 
5-#»fc{b*¥**JBfcf±nffl*tt*Ji*#.< 

[00 11] *fc % 1HBPJIM01B1HFJIK& pS^F 

[0 0 12] p®5F*E«5^ K-^£*t5t§-S\ att^f-* 
*riW-*i>*< £t>2ag<o¥3?fW§lc*5^-C, 
tfl**»##7v L< I4p SPFIMfttf t> 5 - 

[0 0 13] 

SPFMfefCttS i , Ge, Sn> S, Ti, ZrW 
•5. ifcpI^IilillMg, Zn, Be, Ca, Sr 

[0014] *»W0>*^0>iSttJifcl3tt6#FJl0> I 
n»ttJ*Jttt» £3 8OTiS?(;:*fLT 1 0%«i:fc-r5i 
fc#g* L< , 0U*.»f#FJf # I n X G a i-xN"Cfo5 
Xf40. 1J£1±, 0. 6KlTi-t-5i, 430~5 
6 0nmf>fi£K*^r» 

CftS. XI40. 6«fc9*:#< L-Ck«fcv^»\ 0. 6i 
9 t*%<r*fc#FJiOttfltta«B< ^ 
*A^fi< 4*«I*1IC*>S. *fc#F®Sr37£iif B <OI 
nAIN, 47cSa B s C7> I n A 1 G aN-C'fll^L-CtS 

[0015] *fc«^^s t «, miuzmm 100^ 

^hn-AjeiT, #*L< 147 0:*>7** Fb-A» 
T» ^P 3 lC#4L<li5 0 7J->^ hn-AUlT<7>2^ 

*-ttBi:"CtAt\ ) $rS/gLfc#J§l£J§$rfiU 4> 
4< & t-^«#FS<OI n»*J:9 fc**VM n*a# 

t LTI4 I n Y G ai _ Y N (0<Y< 1, Y<X) feU » 



4 

*L<ttY£r#FJf fctt/CLTO. 6*ffik ^PjliSfi 
L<I40. 5mmt-tZ>o *fc3 7cilB B e(0 I nA 1 N, 
4 7cilalWI nAl GaNfcLTt>^V\ g&^Jf§:1S 
fig-f 5 1> 7 -#«>»fctt***tt A 1 a G a i- a N ( 0 £ 
a<l) t-tS- i#S*LV\, InGaN/AlGa 
NSL<llInGaN/GaN(0g^it5i, Si£ 

[0 0 16] St&T-lttnSfl'J, pJH9M-fftfl>-#fc 

-£\ fcJtlflC&i&S^yi^yn 

y KSIw^T LtAl GaNfr»J*L4<Tt>6V\ A 
1 G a N, A 1 I nNf»A 1 Sr*tr«{Wfc*»#H:- 

r»t». ^77 KJf£GaNfc-f£wi#-e§Sfc«> 
fc, Vf AS©<. lM**l^V*MrfWR"r*£l: 
ffiU *»WCI±s&"f Lt>y?y KBSrGa 
N AI*r*tf«fl;«J***-e«JifcU 

20 x t> &v \, m*.t£ a i »tt*tt4J/> * v * (£3 mm <T> 

[0017] n mmnm^S K n STOEft* K-^-f 

nS^FM^®S i Lttt'>4v^ 5 x 1 0 18/ 
co3WTs fftKftlXl 018/cb3WT. $ <bl-#* 
Kttixio lVco3yT<cl^S-r5, 
HIXIO 18/cm3W±, L < 14 3 X 1 0 IS/c^ 
±, L< 14 5 X 1 0 18/ca.3«±lCfiS-r5. 

±PSI41 x 1 021/cm3«TtCi-5^igB B B'l4^<i52fi 

40 V> 0 

[ o o 1 8 ] P ®<iyrost&^sic p w*m»* k— 

(4SttM ic^5£-r S ic^o -C p S^iffi^SS Sr^J^ ^ < "f 

K-^L*V^fig) SL<t4pSTHE^)Sr^*< K 
-7*U t?-*SrpS^M^iSr#< K-T'-f*, P® 
so ?F*6^gg t L-Cl4'>&ivfrris 1X10 19/cni3yTv 
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X 1 OlVcffl 3 WTi-I^S-rao X 1 

0 iVcm 3 KJUL, L< it 5 X 1 0 19/cm3^±, ft t> 

L< 11 1 X 1 o20/ CB 3«_t|cIBgt-*, ±Pgtt 1 
X 1 0 22/cm3ttT^**^J|*B B Bttfi<)«*-C§So 

[0 0 19] #»W«>J: 5fc I n«r^tf«ft»4M»*. 
ffiKfil nGaNfcStrHtH^JifcnJMU pJfffl'J 

n-AlGaNiGaNgfSf 
7'/Ki) /n-GaN Otf-Y KJB) /J£fflB/p-G 
aN KJf ) /p-Al GaNtGaN» 

7yK§) a><bft5«ifitr*LTlvfc. fiS^ (*~^: 

Lftttfttfft?>ftV\ i nmf&Z*Z 

< TZ h . UmnmmX'tt? 7 y K*#A 1 G a NTS) 

"Cf4^9y KiSrGaNttSitt'CJS^ Ga 

N t LT *>+»KfSftt« t K*7* y 

-5, *9^KJI&GaNfc-fSi:Al GaNl^bSlt 

[00 20] £h\z-tf<< KJifcov^>5y KJf fcg 
ttJI t co* iaoJH#f*«r*r S W^IRt^ fc«*.tf 
InGaNjJ«^5^ I n G a N§r#>f KJf & L 
■CffffiS-frSKttflSJitf 5 0 0^>^ hn~AJ£U:<D 

I nGaNS:*lt5 0 0*>-^* hn-^a±/£ 
fcttjKL<* InGaNSfiMtlnOffl 
j*»«iSjBw9ttfttt*JB<ft5«rtJ(!i*5. InGa 
NSW4M*VMS iffiJ«»««>JW^/h5 < > 
HtS^&VM nGaNroB*Rfttl OOty^ho 

>f KJi&JBWto#v*l nGaN«r*r5fi»iF-flBSfcL 

InGaN/GaN, I nGaN/A 1 GaNf(Ogfe 
^«afci-6t, JBJff** 5 iStt« fc * 7 y KS<oi co * 

tt#ft<ft5fc* ^<o±l£j&fi£i£5?££JI, ^7$/K 
IcoMfs^^fi < ft D , #IC 4 2 0 n m#±<0 9"** 

G a N(CT*§ £<0T% A 1 G a N*CjttfcLTfi?yJ£t/i# 
[0 0 2 1 j 

sfrf H)£lTO«JSlcH«*ix*4>^-ettftv\ 
[00 2 2] [XK0J 1 3 12 1 tt**JSW^«* 



(4) 

*^o«JSfciSt«^Wft»?EH-e*>9, *II(:¥It 
ft*rtl'C#-T-4rW(ffLfc»«)H4:»+' t><0-C*>5„ W 

[0 0 2 3] H>f^(OS i K-^GaNJ:*)*^ 

[0 0 2 4] 1) 2<fVf^ C® 

£r£E t tSt7 r W 7 <fc <9 ft 5Sag« 1 WO V P 
ER*SS«rtlC-fey m iSSS:5 0 0tlcU, HJ 
io tfAstfy (TMG) . T>^-~T (NH 3 ) £/H 
V\ GaN<t^ft*^y7rJiSr2 0 Qitlsifx — 

SO^iCLT, mc< G aN<tDft5T*SS:4 vm<D 

[00 2 5] T*JiJ«*«* »*-^S:SJES«**>feBl 
»?ffiU £<DTiftJI<^E(c, ;* h 7^^*11 0 Aim, 

mZBt&TZ* MHKJIMMU ^-^SrSSMOVP 
EC0K«*»rtfc*y HU ^figSrlOSO^lcL-C. 
20 TMG, 7V^r^V\ 7V K— ^G a N^tr 5 n 
mfiK**-fr, S i0 2 O*ES:«5. J**«, »*wn 
SrMOVP ESSflt^fcH VPEglCSSlG a p< $ >V 
b, Tls^=-T, HC U ^7V#*&J8V\ Si Sri 
X 1 0 18 /cm 3 K-^LfcnSiG aNj§Sr 2 0 0 ixm<D 

»*i-«dt«CJ:»), mmmi 70/im(DS i K-^G 
aN^feft*«ft;«*SHt:a*l«:ff«r*. S i K— 
^G a NCOS i»J9Ett5X 1 0 i x 1 0 19/cm 3 (0 

[0 0 2 6] (Ay77l2) »±cO J: 9 bTTf^ffit L 

AS-CR0WN«0>«{k*^*f*:*«ffifc. 1 0 50ttS i 
Sri x 1 0lVcm 3 K-7 p Lyc:GaNJ:Dft^^<^7r 
JB2S:.2tfmOiB!fft?j«**-fr*. Z<r>£o\cmt®* 
»*i.*ftS»»J: 0 ft6SfiS«±lc, 1 0 0 /imH 
±offlWC-CS* t ft 5 J: o ftft{k**«# fc j«« ^ -fr, 
* <0« AS£tt Sr !^5fe L T mb«*W*a* Srft « Lfc 
40 ^r<O^ft«9^*S«(OAS-GR0WNE (SttStElft 

*fMtK*f«IE) G aN^lO/i raHT^f 

&)^&<D&ikm>&< ftifflrtfc*>5 0 

[0 0 2 7] (nffl^9y K«3) ttV^-C, 1 0 50t 
X*TMG> r^^T, «>7>^^Srfflv^ v S i Sr 1 x 
1 0 IVcm 3 K-^Lfcnl/G a N <t 0 ft 5 nti^ 9 

[0 0 2 8] (n«%jtfW K®4) j^^r> 8 0 0tt 
TMI (hy^fMV^^A) , TMG. T^^T 
so SrfflV> x TVK-7'lno.2Gao.8Ncl:D^61^20 
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'stfxZffiU S i Sri X 1 0l8/cin3K-7'Lfcn51 

*Lxztit><»mz xmzmm Lxm&*m **mk u 

&fKJ¥8 0 0*1/?* hD-AC0nffliJ)fe^/-< KJl4 4-fi£ 

10 0 2 9] (fSttS5) 8 OOtt, S i Sri 

X 1 0lVcm3K-7 , LfcnliI n 0 . 2G ao. 8N £ 0 ft 
£ISg^J§£l 0 0*V^ hD-A»WTijjlS* 
•5, ^^X7 5 0 t CT% 7>K-/I no.5Gao.5Nj; 
9ft5#FJI 1 «>ttflS«»iNVfM) t3 0*V^ 

0.2Ga 0 .8NJ: l 5ft-5SE2<O^{t:^3fftSSrl 0*^ 
^ hn-Aj*S$-fr5 0 &£&£*8 0 0<Clc±#L 
-CS i Sri x 1 oW/c^hWLfcnSl n 0 . 2 Ga 

o.8N«t'?ft5(i$^ji m3<r>mm*m#m) srio 

[0 0 3 0] ftMgjlfcgm, ifiaSr7 5 0t:«CT(f, ft 
no.5Gao.5NJ:0«*#F« (SBl 

ftvt 7 5 oticr, t^k-^a I0.2G 

ao.8NJ;9ft5»2ro^{k®»f«*lS:l 0*5^* • 
hn-MSJ^ &iaa££-8 0 or^LTS i K— 

7*1 no^Gao.sNiOft^^S (S3fl)ffti^ 

ftJI) Sri 0 O^-Vi/^ 

[00 3 1] £WJ:$ICLT««H- (#F+SS2+Bt 
SS) x5tS-aSLfc^ff8 0 0^-V^hn-AO 
#mS*#F«i2W»lbft$fSi4S 5 

[ 0 0 3 2 ] gttJl 5 T-rt\ InGaNH45#Fi 

*\ %\,<ttmmtsm^titmmktom^ 30^/^ 

H-jJ\ -t.fr «fc "5 V> A 1 G a N, G a N ( A 1 X 

Gai-xN, 0^X<1) 4*&&Sft2roSfttffe¥i*#i: 

eoa-#figii#F/IJ:'9 feflSirN, «ot, 

(0SSV^2<DSftfe^ft®O±JCGaN, InGaN 
I ni&Ij*Jttt#FJf «fc*>fc/K?vO S?tJ>P) 
ft*«aMI«rJ****4fc, »SSSri¥)K-C-fi£S^-e:fc 
H£-fctt*tttfA< ft5. 4fc#FSt«aStwHI»c 
A 1 Sr£tf2{fc&#i£fcJf ##£-f SI^ftTL 
^■vMBWfcfcS. Ml« B2, JB3«>ttfk»* 

Sr/SftStfSrfclcJ;'), «iS*(7)^^#ibn-Cs 5S 

[0033] ( p m%#4 m 6 ) m^x 8 0 o'er-, 

T*sY--f\ n 0 .2Ga 0 .8NJ: l Jft-5^Sr2 0^V^ 
hD-Ajsgfi^t-ar, »>TC p2Mg#*$rifcU Mg 
Sr 1 x 1 Ol9/cm3 K-^Lfc pSG a NJg£r 2 0^"V 



^ hn-K<n v W%X4 KJ§6£r/&fi£-£S. 
[0034] ft*5, WulSlSlC*JV>r nffiiJJfe^W h'M 
4 » p «3te#-f KJI 6 W V vf hfr-Jj&Gm-fZ w 
^S&Lfc^-£tt = 7&<0Jp£dSSi<ft9# 

- A«± x L < li 1 2 0 0 Fn-A«±, 
10 ltff*L<(41 5 0 0~30 0 0*>'^hB-A|; 
■f5rfcj»*S*Ln. £<bl^ fSttBSr^fig^FIS 

[0035] ( p 7 v KJf 7) ftV^T, 8 5 O'C'C 
MgSrl X 1 OlVcm3K-^Lfcp5}GaN«tOft5 
SSrl. Owm/SA^-fr*. pfil* 7 y KJS7 0JKJ¥tt 
Vf Sr^T$-fr?.±'C, nffi'Jy7y KJI 3 J; ■? fc»< -f" 
Srfc#3*L<, #*L<tt'l. 2/.m^T, 

iifcJlfc LTWTISt LTtt2 0 0*^?* hn-A« 

[0 0 3 6] (pft|3>^^ ha*) ftmiC, 8 5 01C 
TMgSrl X 1 o20/ cm 3f,— 7*Lfc p SG a N<£ "3 ft 
•SpllJaVy-? HJl8Srl 5 O^-V^ ho— AWSi? 

pflij3>"^^ MrtpS©I n X A 1 Y G 
ai-X-YN (O^X, O^Y, X+Y^l) X'mi&-tZZ.k 
/4 J T-#, »*L<ttMgSrK-7'LfcGaN < InGa 

30 tfcMggSttV f £i£T£-fr*±-epffi'J 

^ 7 y KJf J: *) t7<§ < i LV>. 

[0 0 3 7] «±»J:5lcL-C»[:»iMlt**rja*4* 

hilW^SlC, HI. 5 um<D^h7^7'^.<DS i 
O 2 J:0ft5^KSr^J5£i-5, ^LTRIE (SJ^tt 
^^■yi'yfV/ig) SrfflVS i C l 4 ^fcj;*>3i 
yf-V^U ntt<]*7 7 KJ§4-w3t®$r»ta$-B\ «1I 

coiplc^ h7^7 , am&£JBJ5M-3*§-S\ ^-yf-^ h 
40 y 7*14, p m 9 7 y Ym 7 Sr 0 . 2 W mWTWJgJf-Cgl 
Lfc^S^^ TW, »* L < (± p fld ^ 7 y Kg 7 t % p 
<ffJ3t^-f KJI6 t»*ffl*»6S««lfc£*4fl:**** 

[0 0 3 8] *h?-f:/*»B&#J«*» Si0 2 ^^ 
Sroltfc**, SW^IroSffii;Zr0 2 i!)4 
5«feSi:)^l 0 0 «fe«uai 1 0 O^/Sfg. 

7 7-K7-yKicgs?L-c» pfflij^^^^ hm<r>±^m 

f&L1tS i0 2 Zt&m&£^ V 7 h^7felcj;0 S i 
so 0 2 t*lc, pM=>yfy- hm<D±\chi>Z r0 2 lrl^* 
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S i0 2 X'&&L^ *<D±.frt,Z r0 2 ?<OS i 0 2 tS 

[o o 3 9] nmmi o ommk. ni/auhw 

icm-TS. ~*G a NS®tf>HffilwttT i/AUO 
45nSS2 1 frlitf^EWftsfcU ^<7)±liAu/S 
n ± 0 ft 5* 9 7<< XW.mZMlS.-rZ>. 
[ 0 0 4 0 J p , n KSPB&ftft. 1 

i r^c 7 v« *"» i- ✓ 'i ✓ <c /\sh*> 7 

[0 0 4 1] ^ffy/«fi GaNStgCOnmS 

3 0 nra»^l^-f if 1:^8! 
Ltl 0 0nmK±«*#*<ft*K MNUHHESk 

LT t>> «*a»K^B-htt»ft*r, 3 0l#M«± 

[0 0 4 2] [XJfc«2-] J«fc«lfc*Hr*"C* n»fe# 
W KJf4fc/**3**Bfc* S i trl xi 0lVc« 3 K 
-T^Lfc I no.2G ao.8N/I£2 O;*^* hn-A/£ 
7^ K-T'G a NI 2 0 1> ^ h n-A(^ 

[0 0 4 3] SklC, pffl|##* KJi6fcj**£*5iR 
ic v MgSrl x 1 0W/« 3 K^lfcpII n 0 .2 Ga 
0.8NJI&2 O^Vi/^ hu-A/S£$i*\ 7VK^ 
G a Nil £2 0*>^ h n— *0>JKJ¥T?££tafc££ 
■frT. &ffiJV8 0 0^-v^^ hD-A(DiB»-f-Ji«r«J* 
*«>ttf±*««l i:IS«KLXU—WI»«:fWH 

[0044] [*JSW3] 3H*«lfcj3^X, n®m# 
W KJl4«ri5fc*£it:5R„ *ttlCT>K-Xl n 0 .2G 
a. 0 . 8 NJS&2 0^>^ hD-AjggS$*fc|g, Si 
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£3X1 0 18/cin3 K-^ L/c n SG a Nl S: 2 0 1 V 
hn-A<Djg/?-CJ5£:g£ii\ wfttbcOjf&SSlCg 
/ILT&tef;i&4 0 0;*>^* h n-Aj5fcg$-£S. 
&(CT> K-^I n 0 .2G a 0 .8N^Sr2 0*>^* hn 
S i^aSrlxi0lVcm3(cLfc 
n^GaN/f£2 0^>^ h n-Aj&g £i£ v 

[0 0 4 5] $fe^pM3t^ K« 68:^**^5 
io ftifllCT^ K— :/ I no.2 G ao.8 N ^^ 2 o*y?x h 
MgSrl x 1 OlVcmH'-^L 
fcplGaN!S:2 0^">^ ho-^fj-fr, Ztl 

h <nm&&mzmm Lxm#*m * 4 0 0 h * 

-^J5)t:^£-£6 0 ^ryh-yino^Gao.sNi^r 
2 0^y^hD-AM^tfc?J, Mg&jg&5Xl 
Oi 9 /cm 3 i£LfcpgJG a Nil £2 0;*>^* hn~A 

0^^Nd-MI^« o *otttt*lSflfiJl tH 

[0 0 4 6] [3Ktt0j4] **Wlfc*5V^T, nteOfctf 
>f KJB4S:j«<*-ti:SBicS i^rlxi oIVcm^K- 
7Ltz I n 0 .2G ao.8NSS:2 Ot>^>D-At v . 
S i ^2X 1 0 1 Vein 3 K-^LfcnSG a NlSr 2 0 
hn-Aj«***r, MHIff 8 OOt^ h 

[0 0 4 7] 4*ipW*^ KJB 6 Srja***aHHM 
gSr 1 X 1 olVcm 3 K— :/Lfc I n 0 .2G a 0 .8N^S: 
2 0^-^^ hn— At. Mglrlxi OlVcm 3 K— 
30 ^LfcpSiGaNiiSr2 O^-Vi/^ hn-Aj^fi^-fr 

[0 0 4 8] [*Sfe^j5] H2tt**W^f&o»J6fifij^ 

[0 0 4 9] ^teCT 1 t LT»fctt{fctt¥W#S 
S1<7)±«C, ^feWl tlU^icLTS i Sr 1 x 10^/ 
40 cm 3 K-^LfeG a N'< y 7 r JB 2 S: 3 m mWRff-Cjft 

[0 0 5 0] (Si4S5 5) J^iC, 8 0 Ot:iCTS i & 
1X1 Ol8/cni 3 K-^LfcnSl n 0 . OlG a 0 . 95Nf$ 
ISSSrl OOt^ hn-A(OJKi?-CJ5gfi*-fr> «^ 
t7 5 0t!Ct, TVK-^I no.5Ga 0 .5N#FS^ 

t;«C«»Lfc**, 7>K-^A1 0 . iGa 0 .9N^l 0 
hD-AjsScS^-tt^o fttC8 0 Others i Sr 
1 x 1 OlVcm 3 K-^LfcnMl n 0 . 05 G a 0 . 95NPf 
so SilSrl OOt^ hD-Aj^S^-fr^c 



* 
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[00 5 1] HEBJ|j««flU fflS& 7 5 OTXTIf, 0E 
fcvCTVK-^I n 0 .5Ga 0 .5N<fc#F;ii£r3O;i->' : / 
;* hn-AeDJ&?T-J&g$ii:3, ^"C7 5 O^KX, 
r>-K-^Al 0 .lGa 0 .9NS Off 2 0>£ft:to¥«ft 
J§) Sri 0^-V^ hn-^gJt, &»£8 0 0tl;: 
tSi n 0 .05Ga 0 . 95 NI$^Srl 0 0^ 

[0052] i(0«tp|iLTS&M+ (#F+ffT2+l$ 
m.) x5t^a®Lfc^^J¥8 0 0^^^hn-A<75 

[0 0 5 3] {pMJryy KJ16 6) 8 0 0t:-t\ 7 V 
K-^I n 0 .2Ga 0 .8NJ: l 3'i-5SSr2 0^->'^^ 

X 1 0l9/cm3K-7 , Lfcp®GaN^Sr2 0^->-^ 

[0054] (pffiij^** h«8 8) ^'tglC, Mg& 
1 x 1 0 20/ cm 3 K-AfcpIGaNiOiSp M => 

[0 0 5 5] **-At*Kft*|§4>b$9tl]- 
U ftilcopffiijn^^ hSOjgEIc^— 5 y*ffi<r> 
N i / A u ri* ?> & 5^3ttt<0 p litis 2 0 ' Sr2 0 0jf->- 

v»p'<'/ Km«3 o £0/&-r*„ -^sm 

»3Nj[«ES«ro3iErojiJS^®icttT i /a I J: 9 ft* 

[00 5 61 mS^fi£«, ^iro^-yyjC^giLTL 
ED^tLfctCl5, 2 OmAJCt3V^5 3 0 nm(0 



[01] 
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»#ir3*U «M^t6jmJE3- 2 Vift^cOLEDgmc 
tfcttLXO. 2VKl±teTU ib^ttl. 2»fi , -kfcl*!l 
±Lfc. 
[0 0 5 7] 

3 0 nm«±<0&Sf5IM-t--5 U— fif*:#f>H5, 
FS&#-f*prF?*>iUJ. SLD, SJt^^ffO* 

[0 1 ] *«W<D-*J6«sjl^S u— V-*3S^<o«5SSr 
[0 2] *5I^WffiO*iSC5Jlc#,5LED^WSiS 
H?#-<OjK9i] 

1 • • • mm*m&WR 

2 • • • /<y7ri 

20 3 • • • n{M*9y Kiti 

4 • • • n.m%*-< YM 

.5, 5 5 • • -firttS 
6 • • • pfS'Jfttf-f K® 

7, 66 • • • pffl!l?7 y vm 

8, 8 8 • ♦ • pm^'s?? y-m 

2 0> 2 0* • • • pWM 

2 1, 2 1* • • • nSffi 

3 o • • • p^y Kma 

2 2 • • • Au$ 

so 100 •• • J&HiJ'g 



[02] 




